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SUMMARY

Acute toxicity tests wit!1  rice herbicides molinate (Ordram@'),
:1:i&encarb  (Goleco"). and nolinace-~hiobencacb  mixtures  on larval and
Jxvenile  striped  bass &cone s,axatilis  produced cledian lethal
concen:rhtiuns  (96-i: LC50 values) iniicaring  what tiiiobencarb  (0.35 to 0.67
?g/L) :ias  7 to 21 ti:nes  more toxic rhan ro1inar.e  (2.1 to 14 mg,/L), and
:;lolinate-t:ili.obencatb  z.ixrures  ar 1:l LC50  value ratios had additive toxic
effects. Prolarval  and postlarval  s'.a,es were  approximately twice as
sensitive to the her.bicides  as juvenile striped bass.

T!le herbicides are discharged  from Xay through June into agricultural
drains and subsequently, the Sactanento  River and Sacramento-San Joaquin
Zsruacy,  California. Although no chronic eggs-to-Et-y  tests were completed.
an assessr~ent  based on worst-case  analyses usin safety factors comparing
measured and expected environmental concentrations oE molinate and
rhiobencacb  ri.th  estic:ated  chronic eggs-to-fry  no-observed-effect
concentration values indica:ed  that rainimal  toxicological hazard exists to
youn&  striped bass Eron exposure r-0 rice herbicides in the Sacramento River
and doWnS'CPaW  estuary. This assessment is based on SaEety  factors of at
least 6 fold foe nolinate  and at least 2 Eold Eor thiobencarb; compliance
i!i.?:i  public  health action levels in the Sacranento  River will result in
saEe:y  factors of ac least 7 fold Eor I;;olinate  and ar least 11 fold for
rhiobencarb. A si;lilar  assessment, based on data fcow other  researchers.
j.ndica-.e,.!  t!lat a potentially excessive hazard exists to opossum shrimp
-is xercedis  in the Sacramento-San Joaquin Estuary during years with
xinima~d%~o~flows  in Sacramento River. This invertebrate is a primary
food ire:? of young bass. The hazard to opossum shrimp  can be minimized by
Iciierin;; :i:e I:iaximun  herbicide concentrations in agricultural drains to 54
UC/L rwlinate  and 12 ug/L  thiobencarb.

The lack of operational techniques prevented the successful
coupletion  of striped bass eggs-to-fry tests. Resesrch  and development on
successful laboratory culturing and testing techniques progressed over the
i,xcation  of the study. Several factors conducive to striped bass culture
iir'c identified and discussed.

!.' Znvironnental  Services Division Adninisrration  Report No. 82-7; final
rc;rort of rhe Ri.ce i!erbici.ie Stuiy.

;/ S':ucy  Eunded by California Departncnt  of Fish and Game Striped Bass
Srx::,  Fund. Stare CJarer Resources Control  Iloard (InteeaBency
&retc:en:  >;o. l-161-420-2). and Rice Research Board (Standard
A,reemcnts  ilo. C-1053 and C-1519).
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CONCLUSIONS

1. Acute (96 and 144-h) toxicity tests indicated that 6. 13. and 24-day

old larvae (mean 96-h LC50  values of 3.3 mg/L molinate and 0.27 mg/L

thiobencarb) were approximately twice as sensitive to

molinate-thiobencarb mixtures than 45 and 90-day old juveniles (mean

96-h LC50  values of 7.7 mg/L  nolinate  and 0.58 mg/L  thiobencarb).

Molinate-thiobencarb  mixtures had additive acute toxic effects on

striped bass.

2. The sensitivity of 6. 13. and 24-day old larvae to molinate was

variable but they wat-e  more sensitive than 28-day old larvae and

90-day old juveniles. The sensitivity of 6-day old larvae to

thiobencarb was greater than the sensitivity of 13, 24. and 28-day

old larvae and 45 and 90-day old juveniles.

3. Thiobencarb (mean 96-h LC50  values of 0.59 mg/L) was on the average

14 times more  toxic than molinate (mean 96-h LC50  value of 8.3 mg/L).

4. Two similar static tests with thiobencarb on 13-day old larvae by

different laboratories produced similar 96-h LC50  values indicating

the test procedures yield reproducible results.

5. An assessment based on worst-case analyses using safety factors

comparing measured and expected environmental concentrations of

molinate and thiobencarb with estimared  chronic no-observed-effect

concentration values indicated that minimal toxicological hazard

exists to young striped bass from exposure to the rice herbicides in

the Sacramento River and downstream  estuary. This assessment is
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based on safety factors of at least 6 fold for molinste  and 2 fold

for Fhiobencarb: compliance with public health action levels in the

Sacramento River will result in safety factors of at least 7 fold for

molinate and 11 fold for thiobencarb.

6. An assessment, based on data from other researchers. indicated that

potentially excessive hazard exists to the opossum shrimp from

exposure to the rice herbicides in the Sacramento-San Joaquin  Delta

during years with minimal dilution flows in Sacramento River. This

assessment is based on safety factors of 0.6 to 2.6 for molinete  and

0.5 to 6.0 for thiobencarb. The hazard can be minimized by lowering

maximum herbicide concentraFions  in Fhe agricultural drains from Fhe

present 90 to 54 ug/L  molinate and from the presenF  24 Fo 12 ug/L

thiobencarb.

7. Conditions which were identified as conducive to striped bass

survival during culture and tesFing  include the following: i) water

with hardness and alkalinity of LZOO mg/L  CaC03; ii) feeding

prolarvae  and early postlarvae  brine shrimp nauplii supplemented with

unicellular algae; iii) the use of round glass test ComparFmenFS viFh

deep CL15 cm) water columns: and iv) the use of flow-through

techniques for culturing to prevent the build-up of toxic nitrogenous

wastes.
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RECOKMENDATIONS

1. It is desirable to collect additional information on the chronic

effects of rice herbicides on striped bass eggs-to-fry and opossum

shrimp to complement and confirm the safety factors from the current

hazard assessment.

2. The DFG should recommend to the Department of Food and Agriculture

guidelines of 54 up/L  molinate and 12 ug/L thiobencarb for protection

of aquatic organisms in the agricultural drains and downstream

Sacramento River and Sacramento-San Joaquin  Delta. It is anticipated

that current Department of Food and Agriculture pesticide use

practices (best management practices) will result in molinate and

thiobencarb concentrations at or below these recommended guidelines<

3. Future culturing procedures for striped bass should include the

following: i) water of sufficient hardness and alkalinity CL200 mg/L

CaC03);  ii) supplementing the diet of prolarvae  and early postlarvae

with unicellular algae; and iii) flow-through techniques.

4. Future testing procedures for s;ri.ped  bass larvae  should include

round glass test compartments with a minimum water depth of 15 cm.
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INTRODUCTION

Identification of Problem

Molinate  (Ordram@) and thiobencatb (Bolero@) are herbicides used to

control weeds which infest inundated rice fields in the Sacramento River

Valley, California (Figure 1). Seasonal (May through June) discharges of

these herbicides into agricultural drains and the Sacramento River have

been monitored since 1981 (Finlayson et al. 1982: Finlayson and Lew 1983a;

1983b: 1984; 1985; 1986). The California Department of Fish and Game

(CDFG)  became concerned about discharges of rice pesticides because of

coincident fish losses in the agricultural drains. Carp Cyprinus car-pi0

has been the primary species killed in the Colusa Basin Drain with

estimated annual losses of 7.000 to 30.000 from 1980 to 1983; no fish

losses were observed in 1984 through 1986 with the implementation of

holding times following herbicide application required by the California

Department of Food and Agriculture (Finlayson and Lew 1984; 1985; 1986).

Previous studies have defined the acute and chronic toxicities of molinate

and thiobencarb to juvenile resident and anadromous  fishes (Pinlayson  and

Faggella  1986).
Rice herbicides and other toxics  may be responsible for the decline

of striped bass in the Sacramento-San Joaquin Estuary (State Water

Resources Control Board 1981: Stevens et al. 1985). The YO-km section of

the Sacramento River extending from Colusa downstream to Sacramento

receives up to 33% of total flow from agricultural drain water originating

from rice fields; the Sacranento  River downstream of Sacramento receives up

-l-



-.

t

FIGURE 1. RICE ACREAGE IN THE h?AriENTo  VALLEY FOR 19%l BASED ON MOLINATE USEAGE.



to 24% of total flow from agricultural drain water (Cornacchia  et al.

1984). This section and downstream estuary serve as spawning and nursery

habitats from May through June for anadromous  striped bass MB

aaxatilis.  American shad Alosa  sapidissima. and white sturgeon Acipenser

transmontanus  (Farley  1966; Turner 1976). Chinook salmon Oncorhynchus

ashawytscha and steelhead trout Salmo gairdneri  downstream migrants, also

occupy this area. The effects of these herbicides on survival and

development of striped bass larvae and juveniles were unknown until the

study reported here was completed. Results of investigations completed in

1984 and 1985 have been previously reported (Finlayson  and Faggella 1984:

Faggella and Finlayson 1985). Here we report a summary of all work

completed through 1986 and provide a hazard assessment of rice herbicides

on larval and juvenile striped bass. Additionally, we evaluated FoxiciFy

data for the herbicides on opossum shrimp Neomysis mercedis  collected for

the State Water Resources Control Board (1985).

Study Goal and Objectives

The goal of this study was to collect data necessary for an

assessment of possible toxic effects caused by molinate and thiobencarb on

larval and juvenile striped bass in the Sacramento River and Sacramento-San

Joaquin  Estuary. In obtaining this goal, several objectives were

accomplished as follows:

1) Estimating environmental COncenFraFiOns  of molinate and

thiobencarb in the Sacramento  River and associated agricultural

drains;
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2)

3)

4)

5)

Researching. developing, and implementing operational techniques

for the successful culturing and testiLls  of larval and juvenile

striped bass;

Estimating the acute and chronic toxicities of the herbicides on

embryonic. larval, and juvenile striped bass;

Integrating monitori,ng  and toxicity information in?o worst-case

hazard assessment nodels  for judging toxicological i.mpacts of

agricultural return water  containing rice herbicides 00 striped

bass; and

Recomnendin:, appropriate guidelines to regulatory agencies which

will protect srriped  bass from toxic effects of rice herbicides.

Study Schedule

Tasks Completed in 19E_? - Between October 1983 and December 1984. the

following tasks were completed relative to the srudy objectives:

1)

2)

3)

Monitored herbicide concentrations in the Sacramento River and

associazed  agricultural dreins  during  1984 rice growing season

and prepared a report on the findings (Finlayson  and Lew 1984);

Developed prototype testing and culturing protocols and

facili.ties  for early-life-history-stages (ELHS)  of striped bass;

Conducted 24 acute and chronic toxicity tests with the

herbicides on striped bass embryos, larvae, and juveniles and

prepared a progress report on the findings (Fiolayson  and

Faegella 1984);



4)

5)

Collected and preserved striped bass specimens from the culture

system for a histological record of ELHS development. Specimens

have been processed by California State University under

contract to CDFG and are currently being analyzed; and

Collected and preserved striped bass larvae which had been

exposed to nolinate  and thiobcncarb in 144-h tests for

evaluation of possible histopathological effects of molinate  and

thiobencarb. Specimens have been Processed by California State

University under contract to DFG and are currently being

analyzed.

Tasks Completed in 1985_  - Between January and December 1985 the

following tasks were completed relative to the study objectives:

1)

2)

3)

4)

5)

Constructed a glass and solenoid valve type diluter to replace

the flow meter type diluter used in 1984 tests for better

toxicant  delivery and stability;

Installed airlifts in the test cmpartnents  for aeration and

water circulation and exchange;

Constructed 36 new glass and polypropylene screen test

compartments for increased testing capacity;

Installed an oil-less ai.r compressor. two-stage regulator. and

PVC pipe delivery system for the test chamber airlifts;

Installed a water chiller in the recirculating water bath system

for better texperature  control;
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6)

7)

8)

9)

10)

11)

Nodified  the saltwater injection system for better conrrol  of

dilution water salinity:

Installed ventilation fans to remove volatilized molinate  fron

the bioassay roor.1 for less cross-contamination of test aquaria;

Modified the striped bass rearing system to allow for using

either  circular or up-welling currents. and increased the

holding capaci'ly  to allow for holding up to three families

concurrently;

E"lari;ed  brine shrimp rearing  capacity for increased food supply

of larval striped bass;

Conducted  27 acute and chronic toxicity tests with the

herbicides on striped bass embryos, larvae, and juveniles and

prepared a progress report on the findings (Faggella  and

Finlayson 1985); and

Honitoeed  r.ice herbicide concentrations in the Sacramento River

and associated a8ricultrual  drains during 1985 rice growing

season and prepared a report on the findings (Finlayson  and Lew

1985).

Tasks Co&eted  in 1986--- - Between January and December 1986 the

followin  tasks were completed relative to the study objectives:

1) Constructed a gas stripping rower foe removal of supetsaturaFed

gas from the American River water:

2) Installed pressurizing pump and filters for consistent delivery

of sedizent-free  dilution water;

-6



3)

4)

5)

6)

7)

8)

9)

10)

Installed pressurizing pump in salt water system for consistent

injection of salt water into the dilution water:

Installed stirrers in stock solution containers for maintenance

of homogeneous toxicant  solutions;

Installed plastic covers  over the banks of test aquaria to

reduce cross-contamination OF nolinate  caused by volatilization;

Darkened sides of test compartments to reduce positive

photoraxis behavior and corresponding stress of larval striped

bass;

Installed a copper tube hear exchanger coil in the recirculating

kzazer bath system for more stable and efficient temperature

control;

Conducted 21 acute and chroni.c  continuous flow toxicity tests

with the herbicides on striped bass embryos. larvae and

juveniles;

Conducted one static acute toxicity test with thiobencarb  on

striped bass larvae and contracted with the U.S. Environmental

Protection Agency for a similar quality assurance test; and

Monitored  rice herbicide concentrations  in the Sacramento River

and associated agricultural drains during 1986 rice growing

season and prepared a report on the findings (Finlayson  and Lew

1986).
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METHODS AND MATERIALS

Testing Schedule-

From May 1984 through Decerber  1986. 21 acute 96 or 144-h toxicity

:ests were conpleted  on prolarval.  pocrlarval,  and juvenile striped bass

(Table 1). Other acute and chronic tests were initiated but not completed

during this period primarily because of less than sarisfactory  survival

(<75X)  of the control broups  (Appendix A).

Culrure  Tcchni$ueuI_--

@ryes and Larvae - Srriped  bass embryos (12 to 6 h prehatch)  were---__

obtained fron the CDFG Central Valley Fish Hatchery located near Elk Grove.

California. The embryos were transported tc~ the Nimbus facility in

ait-tight  plastic bags containing oxygen inside Styrofoam ice chests.

Transport time was approximately 30 minutes. Sows of the embryos were

exposed  to the herbicides in tests. Those embryos not used in the toxicity

tests wte hatched in modified plexiglass ElacDonald  hatching jars described

by Finlaynon  and Fascella  (1984).

The hatchinS  jars were placed in culture tanks with one striped bass

fanily pet tank. The culture system consisted of three, 400-L circular

fiberglass  tanks wifb  the water volumes adjusted to approximately 200 L.

Initial loading of striped bass prolarvae  did not exceed 50/L in the tanks.

'The tanks were interconnected to biological filters made of two. 114-L

;>lasric  Nalgene@  tanks (Figure 2). Aquarium gravel (30 to 35 cm deep) was

used as substrate for bacterial growth in the filters. Water flowed by
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Table I. Schedule of acute tests completed wi.th molinate, thiobencarb, and molinate-thiobencarb  mixtures in
1984 through 1986.

Begin
date

BXS
family

Age
(developmental stage) Herbicide

Test duration
(h)

1984-5
3

1984-7 5-29-84 84-2

1985-4 5-23-85 85-3

1985-5 5-31-85 85-4

1985-6 6-7-85 85-4

1985-7 6-7-85 85-3

1985-8 6-2 l-85 85-3

5-11-84 84-2 6-day
(prolarvae)

24-day
(postlarvae)

13-day
(postlarvae)

6-day
(prolarvae)

13-day
(postlarvae)

28-day
(postlarvae)

45-day
(juvenile)

Molinate
Thiobencarb
Molinate-

Thiobencarb
Mixture

144

Molinate
Thiobencarb
Molinate-

Thiobencarb
Mixture

144

Molinate
Thiobencarb
Molinate-

Thiobencarb
Mixture

144

Molinate

Molinate-
Tbiobencarb
Mixture

Molinate
Thiobencarb
Molinate-

Thiobencarb
Mixture

Thiobencarb
Molinate-

Thiobencarb
Mixture

144

144

144

144
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F I G U R E  2.  S C H E M A T I C  D I A G R A M  O F  THE  R E C I R C U L A T I N G  R E A R I N G  SYSTEM,
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gravity  out of each culture tank through 500-urn  mesh polypropylene screen

into PVC pipe drains. through t:le  biological filters, and rhen into the

chillin&  reservoir. The water Ian tile  reservoir ~8s iaai~nrained at 17 ro 190

C using a Frigid Unit @ ziodel  Dl-100 l/Z-ton refrigeration uni:. The cooled

water  was then recirculazed  to the circular reari.ng tanks with  ilarch@  model

AC3CI.ID i.rlpellor  punps. :!ater Flowed into the tanks as upwel1i.n:: (to 13

days afrer hatch) ani circular (thereafter) currents by adjustins  the

height and Tosition  of PVC discharge pipes.

Water  yenperature.  salinity, dissolved oxygen.  and ammonia in the

culture  systw were measured daily. water  tenpersture  was measured with a

glass thernometec, dissolved oxygen with a YSI@  model 57 dissolved oxygen

xeter  calibrate6  daily, salinity with a YSI@ node1 33 conductivity meter.

and ammonia with an Orion@ r.?odel  407A specific-ion meter and an Orion@

ac!nonia  prose calibrated  daily. The biological  filters were backflushed

and approxinately  1OZ of the weter  was replaced daily. Salinity of the

:later was naintained  at 2 to 5 o/o0 using liarine Environment@ artificial

se'3  salts.

The sfriped  bass prolarvae  were fed brine shrimp nauplii beginning at

4 days after hn:ch. Autoinatic  feeders (Figure 3) suspended over the

culture tanks dispensed live brine shrimp nau?lii  through 24 VDC 316

stainless steel solenoid valves controlled by repeat-cycle timers. Each

feeder was calibrated to dispense nauplii at approximately 400/L  of tank

VOLUnle. eight tin:es  (every 3 h) per day. Larvae were
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CYCLE TIMER

id I I

FIGURE 3, AUTOMATIC FEEDER FOR REARING SY~,
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occasionally removed from the system and measured using an oculat

raicromerer  to the nearest 0.01 rm to establish growth  rates.

The brine shrimp nauplii were cultured in bottomless inverted

one-,;allon  plastic bottles. Salinity of the culture media  was adjusted to

35 o/oo with sodium chloride, end 30 nl of San Francisco Bay Brand@ actenia

cysts were added per gallon of culture media. The nauplii were  separated

from the shells and unhatched cysts using a device (Figure 4) similar to

that described by Lewis and Heidinner  (1981). The resulting density was

5OC,OOO  nauplii/L.

For the static test conducted by the U.S. Environmental Protection

Agency. striped bass embryos (12 h prehatch)  were obtained from CDFG

Central Valley Hatchery and shipped to Oregon via air freight using the

?eocedures  listed above. The larvae wet-e  raised using the culture

procedures listed above. except as noted in Appendix B.

Juveniles - Juvenile striped bass at 80 days of age were obtained-__

from r!le  CDFG Cenrral  Valley Hatchery at Elk Grove, California and

transported to ttie Nimbus facility using techniques described above. The

juveniles were kept for 14 days in a 400-L circular tank with adequate

supply (12 L/n:in) of flowing freshware?  prior to testing; water quality was

tenperature  of 17O C. pH of 7.0 co 7.1. hardness of 20 to 21 mg/L  CaC03,

and dissolved oxygen >90% of saturation. The juvenile bass were fed

Rainbrooka  fish food twice daily at 2.5% of their body weight (5.0% total).

Tile fish vere  not fed for 4 days prior to or during the 4 day tests.

-14-
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Continuous Flow - The 96 and 144-h continuous flow toxicity tests

were  conducted in the laboratory trailer (Fiwre  5) previously described by

Zinlayson  and Fagge lla (1984) using procedures outlined by American Society

for Testing and Materials (1980) and Finlayson and Faggella  (1986). Tests

were conducted with three herbicide solutions concurrently; molinate,

thi.obencarb, and molioate-thiobeocarb  mixture at a I:1 LC50  value ratio.

Fish were exposed using solenoid valve proportional diluters of plexiglass,

glass. and s?ainless  szeel described by Fa;;gella  and Finlayson (1985).

Each crest consisted of a control group in replicate and a geometric series

(dilution facror  of 0.6) of five herbi.cide  concentrations in replicate

bracketing the LC50  value. The flow rate through  the 15-L aquaria was 4

L/h. A photoperiod of 14-h light (0500 to 1900 h) and 10-h dark was

provided by autonatically  controlled overhead fluorescent lights. Two

overhead ventilazion  fans with a total discharge capacity of 2.000 cfm kept

molinate  and thiobencarb vapors in the 1,200-cf  bioassay room  to a minimum.

Dilution water used for the tests cane from the American Rivet-.

t:ative quality of the American  River water during the tests was pH of 7.1.

alkalinity  of 20 ii&L CaC03, hardness  of 18 me/~ COCOS. temperature of 14

ro 170 C. conductivity of 50 US, and dissolved oxygen of 290% of

saturation. Supersaturated gas from the American River water was brought

into equilibrium with air using a gravity fed gas stripping column (Figure

5). The degassed water was stored in a 300-L Nalgene@  tank and pressutized

70 18 psi with  a I,lacch@' model TN-7R-NE  3/4 hp pump. Water used for
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dilution in the tests on embryonic and larval striped bass was adjusted to

2 2 1 o/oo salinity by injecting artificial sea water (35 o/o01 at 22 psi

into the degassed  native water with a March@ model TE-7R-tZD  3/4 hp pump

(Figure 5). The artificial sea water was made by mixing Marine Environment@

acrificial  sea salts with native American River water for 4 h using an

electrical 316 stsinless  steel mixer. The artificial sea water was aged

and aerated for 20 h prior to use. Native American River water was used

for dilurion  in the tests on juvenile bass. Dilution water  was filtered

throush  IO-uu porosity cellulose filters. Temperature control in the test

aquaria was provided by a recirculating water bath. The temperature of the

recirculating water bath was maintained at 17 to 190 C by either heating

with Cole-Parme@  quartz immersion heaters or cooling with an Edwards@

model CC1 one-ton water chiller. Water temperatures in the water bath and

aquacia  were continually monitored with a two channel Cole Parmet@'

temperacure  recorder.

The embryonic and larval striped bass were exposed in 600-ml glass

beakers (Figure 61 and one-liter (13 x 13 x 13-cm) plate glass and 50~urn

riesh  polypropylene screen test compartments (Figure 7). respectively.

inside 15-L glass aquaria. For the tests with embryonic striped bass. the

toxicant  delivery tubes from the diluters were placed in the bottom of the

beakers to provide an upwelling current. The newly hatched prolarvae

flowed out of the beakers into the test compartments. Each test

conpartnent  had nn airstone  which provided for an exchange of test water

wi%lh  the aquaria and helped keep the larvae suspended. A Dayton@ model
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42706 3/4 hp oil-less air compressor with a 76-L storage tank supplied

pressurized air co the test cor,ipartme"ts  through  two-stage regulators, PVC

manifolds. and valves. The juvenile bass were exposed in 15-L glass

aquaria. The test Pish were anesthetized in water of 10 o/w salinity to

facilitate handling between the culture and test systems.

The stocking density was 25 striped bass embryos per beaker with one

beaker per aquaria (50 enbryos/concen~ration),  20 striped bass prolarvae

and postlarvae  per test conpartment  with one compartment per aquaria (40

fish/concentration). and 20 juveniles per aquaria (40 fish/concentration).

Larval fish were fed brine shrimp nauplii at a density of 5,000 nauplii/L.

two times daily during the tests, Juvenile fish were not fed during the

tests.

Dead fish were recorded and removed daily. A fish was considered

dead if it did not respond to external stimuli or had turned opaque. At

the terxinacion  of a test, all remaining li.ve prolarval  and postlarval  bass

were cwasuced  usin& a" ocular micrometer to the nearest 0.01 mm.

Static-.- - Two 96-h static toxicity tests with thiobencarb  on 13-d old

postlarvae  were conducted. one by CDFG at the Nimbus facility and one under

co"tract  to CDFG by the U.S. Environmental Protecrion  Agency (EPA) at

Newpott,  Oregon. The fish were exposed in 4-L glass jars with the volume

adjusted to 3.5 L. The CDFG test was conducted at a water temperature of

17.5 to 18.S" C and a salinity of 2.5 o/oo using Marine  Environment@'

artificial sea salts (Appendix C). The EPA test was conducted at 8

tei:lpecature  of 17.0' C and a salinity of 4 o/o" using Marine Environment"

-21-



crtificial  sea salts (Appendix 6). The dilution water for the EPA test was

made from distilled-deionized tap water and that for the CDFG test was made

fror; native American River water. The stocking density in the tests was 25

larvae per jar (50 lacvae/concentcation).

Chemistry

Water temperatures in the continuous flow tests were  continuously

c!easured  with theririster  probes and monitored on a Cole-Parme@'  two-channel

script chart recorder. Conductivity and pH of dilution water were

autazatically  measured hourly using a Montedoro-Whitney@  model WQM-1 water

quality monitor.

Xolinate  and thiobencarb stock solutions used in continuous flow

tests were prepared from Ordram  SEC@ and Bolero SEC@  commercial herbicide

formulations (containin  90.3 and 85.4% active ingredient. respectively) by

sonicating  in deionized water. A Heat System's Ultrasonics@ model W-370

Cell Disrupter was used for sonication. The solutions were made up in 12-L

quantities and stlored in 20-L glass jars with lids. The stock solutions

were checked analytically at the beginning and end of a test. The

solutions were  delivered to the proportional diluters through silicone

tubing  using Gilson@ model HP1 kiinipuls  peristaltic pumps.

For the static tests, thiobencarb test solutions were prepared by

dilution of a stock solution (213 mg/L  thiobencarb). The stock solution

was prepared in 0.2% Nanograde@ acetone to increase solubility of

rhiobencarb. The c\asimum  concentration of acetone was 0.001% or 0.01 mg/L
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in the highest herbicide test concenrtatio"; solvent controls were not

tested.

Water samples for confiruation  of molinate  and thiobencarb test

concentrations were collected at 24 h and 72 !I during the 96-h tests and

additionally at 120 h duci"&  the 144-h tests. Water sar~ples  from the

continuous flow tests wre collected by dipping chemically clean 250-ml

amber  glass bottles inro the aquaria. Water samples from static tests were

collected in chemically clean ;lass beakers and transferred to 250-1111 amber

glass bottles. T'ne bottles were filled to the top and sealed with

teflon-Lined caps. The EPA test samples were shipped packed in ice in

styrofoam  chests from Oregon  to California via around transportation. All

sanples  were stored at the Nixbus  facility in a refrigerator at 4o C for up

to five days until analyzed. Repeated s.nalyses,of water samples stored in

this clanner for two weeks  indicated insignificant losses of herbicides.

liater samples  were  extracted with Baker@-10  Solid Phase Extraction

C-6 disi>osable  columns. The Baker@-10  colunns  were pre-conditioned with 2

~1 of methanol followed by 2 ml of deionized water. Water samples were

passed  through the colurms  at a rate of 5 ml per minute. The herbicides

were eluted  from the columns with two 2-ml aliquots of ethyl acetate. The

extracts  were transferted to a lo-ml graduated tube and adjusted to a

desirable volume for analysis by gas chromatography. The instrumental

conditions of the Varian-Aerogrcaph"  model 3700 gas chromatograph used for

the analysis were as foltows:

-23-
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co1uan: DC-ZOO. Length: 183 cn, I.D.: 2 mm

Detector Temperature: 290° C

Injector Temperature: 2100 c

Column Temperature: 192"  C for thiobencarb

180° C for molinare

Carrier Flow: 30 ml/ndn

Carrier Gas: iI

Detector: TSD

Detection Lioits: 1 US/L for borh molinate  and thiobencarb

In 1984. 1985, and 1936, warer  samples were  split and analyzed for

xolinate  concentrations by StauFfer  Chemical Company (168 samples) and for

thiobencarb concentrations by Chevron Chemical Company (71 samples); our

nolinate  concentrations were 89% (r = 0.97) of those reported by Stauffer

Chec~ical  Company, and our thiobencarb concentrations were 88% (r = 0.93) of

t'nose reported by Chevron Chemical Company (Finlayson  and Lew 1984. 1985,

1986).

Deta Analysis-___-

Generally. median lethal concentration (LC50)  values were not

calculated if mortality  of the control group was >25%. Abbot's correction

factor was used to adjust for control group  nortali.ty  of ,lO% and 125%

Hx(al = I - sx/sc

inhere k(a) is adjusted mortality in concentration x. Sx is survival in

concentration x. and SC is survival in controls (Finley 1971). The Mx(a)

-?is used to calculate  the adjusted number dead in concentration x
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vhere  Dx(a) is the adjusted number dead in concencrarion  :: and Ex is the

nunbec  exposed in concentration x.

The LC50  values were determined using either movin&  average nethod

when 22 toxicant  concentrations had partial mortality (between 0 and 100%

lnortality)  or nonlinear interpolation method when '1 toxicant  concentration

had partial mortality (Peltier  and Weber  1985). Confidence intervals (95%)

surrounding LC50  values were calculated using Fi,ellers  Theorem (moving

WSrag,e), or cot:servative 095%) confidence intervals were calculated using

binomial probabilities (nonlinear interpolation).

In herbicide nixture  tests , molinate and thiobencarb concentrations

at the LC50  level were interpolated  from least squares regression (solution

concentration versus  !lerbicide  Concentration). To determine the type of

toxic interaction of molinate and thiobencarb in mixtures. toxicities of

the herbicides in mixtures were expressed as toxic units and summed (Lloyd

1961; Brown 1968):

(Mm/Mi) + (Tm/Ti) = S

where  fi is molinate and T is thiobencarb. i is LC50 of individual herbicide

crsted  separately, and m is the concentration of the individual herbicide

at the mixture LC50  value. Additive indexes (AI) were calculated by

adjusting for asymmetry of S and substituting 95X confidence intervals for

the 96-h LC50  values and establishing a test range (Marking 1977) as

hollows:
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If S ~1.0 then AI = -S + 1.0;

If S Cl.0 rhen AI = l/S - 1.0.

This index is symmetrical about AI = 0 (additivity);  positive values

indicate synergism. negative values antagonism. The theoretical range of

completely (simple) addirive  toxicity (AI = C) for the herbicide mixture

tests vere estiaated  by adjuseinL  the herbicide mixture  LC50  values to S =

1.0. substiruting  the adjusted 95 >G confidence intervals into the two AI

equations and establishing an additive range (Finlayson  and Verrue  1982).

To detercine  rhe type of interaction. the two ranges were compared as

follows: i) additive  toxicity if the test range broadly (>50%)  overlapped

tile  additive range: ii) anta;onistic  toxicity if most of the test range

(>5@%)  was below the additive range; and iii) synergistic toxicity if most

of the test range (>50%)  was above the additive range.

Significant differences in survival and growth between control and

treatment groups  were used to establist  no-observed-effect concentration

(X0X)  and lowest-observed-effect  concentration (LOEC)  values. Survival

data of striped bass from control and treatment groups in the acute tests

were  compared by the binomial chi-square test foe data arranged in two

groups  (Cocbran  and Cox 1968). Significant differences in length

xeasurements  of larvae from control and treatment groups were determined by

the Kruskal-Wallis  test with Dunn's multiple comparison procedure (Daniel

1978).
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RESULTS

Culture System

There were varying degrees of success in maintaining larval and

juvenile bass in the culture system. GeIlerdly. the survival of control

groups  in the testing system parallelled  t'he survival of that family

rer.lainin;: in the culture system. Poor survival in the culture system was

associated with several factors including: i) failure of a recirculating

punp and subsequent loss of filtration and aeration; ii) high density of

fish coupled with failure of the biological  filter in removing ammonia

wastes; iii) stress caused by low water hardness and alkalinity; iv) poor

inflation of gas bladders: v) lack of feeding activity; vi) parasitic gill

protozoan and secondary fungal infections; and vii) inadequate space and

environmental control systems.

The growth of larval striped bass from families spawned in 1984 and

1985 were similar and comparable co thar reported by others (Figure 8).

Testins  System-

Fran  1984 through 1986, 24 tests were begun with embryonic bass,

three with 4-day old bass, nine with 6 to 7-day old bass, eight with 13-day

old bass, nine with  24 to 28-day old bass, three with 45-day old bass, and

nine with go-day  old bass (Table 2). Generally. the percentage of the

tests which were successfully completed ((25% mottality  in controls)

increased with increased age of bass.
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Table 2. Number of tests  which were  successful  and UIISUCC~S~E~~  (225% mortality
in control group) in 1984, 1985, and 1986.

Age Successfol Unsuccessful

Prenatch 24

4-day 3

6 to 7-day 4 5

13-day 4 4

24  to  za-day 6 3

45-day 1 2

go-day 6 3
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A&ute  Toxicity Tests

Tests on prolarvae  and postlarvae were conducted at temperatures of

17.4 to 20.0’  C and salinities of 1.6 to 4.0 o/oo (Table 3). Tests on

juvenile bass were conducted in freshwater at a temperature of 17.40 C.

Dissolved oxygen concentrations for all the tests ranged from 80 to 100% of

saturation and total ammonia concentrations were (0.1 n&L.

flolinate  concentrations averaged 90, 81, and 86% and thiobencarb

concentrations averaged 93, 53. and 86% of expected based on known stock

solution concentrations and dilutions for years 1984. 1985. and 1986.

respectively.

Survival of fish in control groups in the acceptable 96-h and 144-h

continuous Plow tests varied from 75 to 96% for b-day old. 77 to 92% for

13-day old, 82 to 98Z for 24-day old. 91 to 93% for 28-day  old. 75 to 85%

for 45-day old, and was 100% for 90-day old striped bass. Survival of

13-day  old bass from control groups in the 96-h static tests were 62 and

90X for EPA and CDFG conducted tests. respectively. Molinate and

thiobencarb concentrations caused dose related responses in survival of

b-day old (Tables 4 and 5). 13-day old (Tables 6. 7. and 8). 24-day old

(Table 9), 28-day old (Table 10). 45-day old (Table 11). and go-day  old

bass (Table 12). Thiobencarb (mean 96-h LC50  = 0.59 mg/L) was on the

average 14 times more toxic than molinate  (mean  96-h LC50 = 8.3 ma/L).

Generally. the sensitivity of striped bass to the herbicides decreased with

increased age (Table 13). The sensitivity of 6. 13, and 24-day old larvae

tu nolinate  was variable but they were more sensitive than 28-day  old
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Tab le  3 . &an  (+  S . D . )  c h a r a c t e r i s t i c s  o f  d i l u t i o n  w a t e r  d u r i n g  t o x i c i t y  t e s t s .

Test Salinity
s e r i e s (o/00)

1984-5 2.oto.2

1984-7 2.1to.3

1985-5 1.6?0.9

1985-6 1.6tO.9

1985-8 2.5tO.7

1986-5 0 . 0

1986~8A 4 . 0

1986-8B 2.5iO.O

Temperature Dissolved oxygen
(“Cl PH (mg/L)

17.4to.9 a.9to.3 9.8kO.2

17.6?0.8 8.9?0.4 9.9t0.5

18.9fO.9 7.oto.3 a.7to.3

li3.9?0.9 7.1to.4 8.920.3

20.0t1.5 7.1k0.2 9.otn.3

17.4to.3 7.2tO.l 8.5tO.2

17.oto.5 7.8+-0.1 9.oto.3

18.OYkO.3 7.9to.1 9.4tCl.2
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Table 4. Acute effects (144-h) of molinate and thiobencarb concentrations (mg/L) on survival of &day old
striped bass larvae (mean values with S.D. in parentheses) during Test Series 1984-5.

Molinate-Thiobencarb Mixture
Molinate and

Molinate Mortality Thiobencarb Mortality Thiobencarb Mortality
concentration (%I concentration (%) concentrations U)

Control
<0.31(0.23)

2.6(0.55)

4.2(0.54)

6.6(0.52)

13.0(1.3)

20.0(1.8)

6

23 5'

20 5'

54 5'

100 5'

100 4

Control
co. I(0)

0.12(0.01)

O-19(0.02)

0.37(0.04)

0.72(0.10)

1.2(0.05)

Control
12 <0.16(0.08) 4

40. IO(O)

15 O-79(0.21) 7
0.07(0.03)

31 fif 2.0(0.76) 19 5'
0.16(0.05)

44 55' 3.1(1.0) 46 E'
O-24(0.08)

100 9 6.0(2.3) 100 af
O-49(0.15)

100 5' 8.6(2.9) 100 51
O-83(0.19)

4 Significantly greater than control (x2,  0.05).



Tab le  5 . Acute  e f fects  (144-h)  o f  molinate  and th iobencatb  concentrat ions  (mg/L)  on  growth and surv ival
(mean values  with  S .E.  in  parentheses)  o f  6 -day  o ld  s tr iped  bass  larvae  dur ing  Test  Ser ies  1985-5 .

Molinate-Thiobencarb Mixture

Fish Molinate and Fish
Mol inate Mortal i ty length

N aJ
Thiobencarb Mortal i ty length

concentrat ion (%) (mm) concentrat ions (X) (mm) N

Control
0.02(0.02) 1 6 5.55(0.12)

1.5(0.1) 3 7  b’ 4.70(0.39)  2’

0.9(0.5)

L
Y 4.6(0.6)

52  b’ 4.71(0.24)  5’

100 !I/ - -

8.4(3.5) 100 Y

13.3(2.1) 100 !I’

--

--

Control
3 6 0.03(0.01) 2 5 4.52(0.13)

0.001(0.00)

6 0 . J ( 0 . 3 ) 3 0 3.56(0.03) c’
O.OS(O.02)

10 l.O(O.3) 2 7 4.23(0.18)
0.06(0.03)

- - l.J(O.3) 2 8 4.88(0.03)
0.09(0.06)

- - 2.7(0.7) 63 &’ 4 . 2 7 ( 0 . 1 7 )
0.17(0.06)

- - 4.4(0.9) 68 b’ 5 . 0 3 ( 0 . 0 7 )
0.26(0.10)

al- N = Number of fish measured.

Y Signi f i cant ly  greater  than contro l  (x2,  0 .05) .

51 Signi f i cant ly  greater  than contro l  (z.  0 .05) .

3 7

2 8

2 0

3 1

1 9

2 1



twinate-Thiobencarb  mxture



Table 7. Acute  effects (96-h) of thiobencarb  concentrations (mg/L) on survival 
(mean  values  with S.D. in parentheses) of 13-day old  striped  bass 
larvae  during  Test  Series 1986-88 conducted by DFG. 

Thiobencarb  Fish  length 
concentration % Mortality (mm) N -  b /  

Control 
t0.002 

0.09(0.05) 

0 .17(0 .11)  

0 .27(0 .15)  

0 .47(0 .27)  

O.E(O.5) 

10 

0 

5 . 4 t 0 . 3 -  a/ 

-- 
2 4  

-- 
4 . 2  -- -- 

a‘ Mean t S.E. 

1’ Number of f i s h  measured. 

Significantly  greater  than  control (x2, C . 0 5 ) .  
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Table 8 .  Acute effects (9641) of thiobencarb  Concentrations (mg/L) on  survival 
(mean  values  with S.D.  in  parentheses) of 13-day  old striped bass  larvae 
during  Test Series 1986-EA  conducted by U.S. Environmental  Protection 
Agency. 

Thiobencarb 
concentration 

Fish 
length 
(mm) N -  b/ 

Mortality 
( X )  

Control 
((0.01) 

0.16(0.01) 

0.31(0.01) 

0.45(0.00) 

0.80(0.03) 

1.45(0.03) 

38 5.1 - a/ 23 

34 5.0 33 

42 5.0 27 

42 5.0 30 

94 - c/ 5.0 15 

100 - c/ 4.9 1 

a' Mean  length. 

Number of fish  measured. 

c' Significantly  greater  than  control ( x 2 ,  0.05) 
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Table 11. Acute  effects (144-h) of molinate  and  thiobencarb  concentrations (mg/L) on growth  and  survival 
(mean  values  with S.E. in parentheses) of 45-day  old  striped  bass  fry  during  Test  Series  1985-8. 

Holinate-Thiobencarb  Mixture 

Molinate and 
Thiobencarb  Mortality Fish length  Thiobencarb  Mortality  Fish  length 
concentration (%I  (mm) N- a/ concentrations (%) (mm) N 

Control  Control 
<0.01(0.00) 25 20.0(0.3) 20 0.02(0.02)  15 18.9(0.3) 25 

<0.01(0.00) 

0.20(0.18) 5 3.5(1.2) 
0.35(0.11) 

3 18.8(0.3) 28 

0.27(0.08) 0 24.0(0.4) 15 4.9(1.4) 33- b/  18.2(0.3)  13 
iJ 
\o 

I 0.49(0.16) 
I 

0.40(0.25) 31 23.5(0.4) 6 7.7(2.1) 
0.74(0.25) 

69- b/ lS.l(O.5) 7 

0.77(0.23) 90- b/ 19.5(3.5) 2 13.1(4.0) 100- b/ _- _- 
l.l(O.4) 

20.8C4.9) 100- -_ -_ b/ 
1.7(0.7) 
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~ ~ b l ~  1 3 ,  Med ian   Le tha l  ( ~ ~ 5 0  v a l u e s )  and 95% c o n f i d e n c e   i n t e r v a l   ( i o   p a r e n t h e s e s )  
c o n c e n t r a t i o n s  ( m g l ~ )  f o r   m o l i n a t e   a n d   t h i o b e n c a r h  on s t r i p e d   b a s s .  

F i :j h E l o l i n a t e   T h i o b e n c a r b  
aee  j o l u t i o n  96-h 1 $4-11 96-h 154-h 

6 

I 3  

2 6  

28 

45 

90 

M o t i n a t e  
r l o l i n a t e  

6.6(6.1-7.l) 
Z.l(l.8-2.4) 

T h i o h e n c a r b  
M o l i n a t e - T h i o b e n c a r b  3 . 8 0 . 5 - 4 . 2 )  

M i x t u r e  
E l o l i n a t e - T h i a h e n c a r b  

M i x t u r e  
>4.$ 

C l o l i n a t e  
T h i o b e n c a r h  

Il(8.O-16) 

T h i o h e n c a r b  - a /  

T h i o h e n c a r b  A’ 
M o l i n a c e - T h i o b e n c a r h  3.0(2.7-3.3) 

M i x t u r e  

E l o l i n a t e  
T h i o h e n c a r b  
M o I i n a t e - T h i o b e n c a r b  3.1(2.6-3.6) 

7 . 9 ( 7 . l - A . 7 )  

M i x t u r e  

E l o l i n a t e  .16 
T h i o b e n c a r h  
M o l i n a t e - T h i o h e n c a r b  > 5 . 9  

El ix ru re  

T h i o h e n c n r h  
M o l i n a t e - T h i o h e n c n r b  7 . 5 ( i . U - 8 . 1 )  

Cl ix tu re  

C l o l i n a t e  
T h i o h e n c a r b  
~ o l i n a t e - T h i o h e n c a r b  7.9(7.4-8.6) 

14(13-15)  

M i x t u r e  

2.1(1.7-2.4) 
0.35(0.30-0.39) 0.32(0.29-0.35) 

2.7(2.4-2.9)  0.33(0.30-0.37) 0.22(0.19-0.24) 

0.51(0.44-0.86) 0.24(0.21-0.27) 
0.62(0.57-0.68) 
0.70(0.61-0.87) 

Z.O(l.7-2.4) 0.24(0.21-0.26) 0.16(0.13-0.19) 

>I6 

’5.9 
44 x3.44 

>0.48  >0.48 

6.6(4.7-7.5) 0.65(0.60-0.72) 0.58(0.43-0.66) 
0.57(0.40-0.77) 

0.67(0.60-0.75) 
O.SZ(O.49-0.56) 

5’ u.S. E n v i r o n m e n t a l   P r o t e c t i c n   A g e n c y  96-h S t a t i c   t e s t ,  

!’ DFG 96-h s t a t i c   t e s t .  
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l a w a e  and  90-day o l d   j u v e n i l e s .  The s e n s i t i v i t y  o f  6-day o l d  larvae t o  

th iobencarb  was g r e a t e r   t h a n   t h e   s e n s i t i v i t y   o f  13. 24. and 28-day o l d  

la rvae   and  90-day o l d   j u v e n i l e s .  The  molinate- thiobencarb mixtures 

produced AI r a n g e s   s u g g e s t i n g   s i m p l e   a d d i t i v e   t o x i c i t y   t o  13-day o l d ,  

s l i g h t l y   l e s s   t h a n   a d d i t i v e   t o x i c i t y   t o  6 and  90-day o l d ,   a n d   s l i g h t l y  

g r e a t e r   t h a n   a d d i t i v e   t o x i c i t y   t o  24-day o l d   s t r i p e d   b a s s   ( F i g u r e   9 1 .  

C o l l e c t i v e l y   t h e  f o u r  t e s t s   i n d i c a t e   s i m p l e   a d d i t i v e   t o x i c i t y  of mol ina te  

and   t h iobenca rb   t o   s t r i ped   bas s   l a rvae   and   j uven i l e s .  The  mean LC50 values 

f o r   t h e   m o l i n a t e - t h i o b e n c a r b   m i x t u r e s  were 5.1 me/L molinate   and  0 .40 mg/L 

th iobenca rb   (Tab le  1 3 ) .  

Gene ra l ly ,   t he   no -obse rved-e f f ec t   concen t r a t ion  (NOEC) values for t h e  

144-h a c u t e  tes ts  i n c r e a s e d   w i t h   a g e  of l a r v a l   s t r i p e d   b a s s   ( T a b l e  14). 

Xol ina te  FJOEC va lues   r anged  frotr. (1.5 t o  7.0 mg/L for 6 t o  28-day old bass. 

and th iobenca rb  NOEC values ranged fron 0.07 t o  0.40 mg/L f o r  13 to 45-day 

o l d   b a s s .   r e s p e c t i v e l y .  The h e r b i c i d e   m i x t u r e  NOEC v a l u e s   r a n g e d  from 0.79 

ng/L molinate   and 0.07 mg/L t h i o b e n c a r b   t o  3.5 mg/L mol ina t e   and  0.35 mg/L 

Yhiobencarb  for  6 and 45-day o l d   b a s s .   r e s p e c t i v e l y .  The  lowest-observed- 

e f f e c t   c o n c e n t r a t i o n  (LOEC) values a l s o   i n c r e a s e d   w i t h   a g e  of f i s h .  

Su rv iva l  was a s   s e n s i t i v e   a s   g r o w t h   a s  an i n d i c a t o r  of acute t o x i c   e f f e c t s  

f rom  molinate   and  thiobencarb on s t r i p e d   b a s s   l a r v a e   ( T a b l e s  5 ,  6. 9. 10, 

11. and 14).  
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Table 14.  No-Observed-effect  concentrations ( N O E C )  and  lowest-observed- 
effect  concentrations  (LOEC) of molinate  and  thiobencarb (mg/L) 
during  6-day  tests on striped  bass  larvae. 

NOEC  LOEC 

Molinate  Thiobencarb  Molinate  Thiobencarb 

6-day 

13-day 

24-day 

28-day 

45-day 

Molinate a , b /  
Thiobencarb b/ 
Molinate- 
Thiobencarb 
Mixture - b/ 

Molinate 51 
Thiobencarb a,b/ 
Molinate- 
Thiobencarb 
Mixture -~ b /  

Molinate - bl 
Thiobencarb b/ 
Molinate- 
Thiobencarb 
Mixture - b f  

Molinate - bl 
Thiobencarb b/ 
Molinate- 
Thiobencarb 
Mixture - bl 

Thiobencarb - b/ 
Molinate- 
Thiobencarb 
Mixture - bl 

~ ~~ 

5’ Based on significantly 

Based on significantly 

(1.5 
0.12 

0.79  0.07 

1.5 
0.19 

2 .0  0.16 

3.1 

( 0 . 8 8  
0.07 

co.05 

3.6 
0.27 

0.49  0.08 

7 . 0  

3.2 0.27 
0.18 

3.5 
0.40 
0.35 

4 .9  
0.11 

0.88 0.05 

3.6 

2.6 

16 

5.9 

4.9 

0.45 
0.19 

0.35  
0.48 

0.77 
0.49  

reduced  growth  compared t o  control (P <0.05). 

reduced  survival  compared to control (P < 0 . 0 5 ) .  
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DISCUSSION 

Cul tur ing   and   Tes t ing   Techniques  

Varying  degrees   of   success  i n  c u l t u r i n g   a n d   t e s t i n g   s t r i p e d   b a s s  

occur red   du r ing   t he   3 -yea r   s tudy   fo r  a v a r i e t y   o f  reasons. S u f f i c i e n t  

wa te r   ha rdness   and   a lka l in i ty  (>200 mg/L CaC03) i n  cu l ture  and test water 

are i m p o r t a n t   f a c t o r s   f o r   t h e   h e a l t h   o f   s t r i p e d   b a s s   ( S t i c k n e y   1 9 8 6 ) .  The 

w a t e r   h a r d n e s s   a n d   a l k a l i n i t y   u s e d   f o r   c u l t u r i n g   a n d   t e s r i n g   s t r i p e d   b a s s  

i n  our s tudy   var ied   f rom 20 t o  100 mg/L CaC03, S t ress   caused   by   low water 

h a r d n e s s   c o u l d   l e a d   t o  poor  f eed ing .   i nc reased   occu r rence   o f   d i sease ,   and  

weaker t e s t  organisms, 

There is no ev idence  to i n d i c a t e   t h a t   b r i n e   s h r i m p   n a u p l i i  are a 

n u t r i t i o n a l l y   c o m p l e t e   d i e t   e v e n   r h r o u e h   t h e y  are recommended food for 

l a rva l   s t r i ped   bas s   (Amer ican   F i she r i e s   Soc ie ty   1976 ;  Lewis and   Heid inger  

1981;  Rogers et  a l .   1982) .  To the con t r a ry ,   naup l i i   have   been  shown to 

l a c k   e s s e n t i a l   f a t t y   a c i d s  and some e lements   requi red  by mar ine   f i sh .  

Cowgill  e t  a l .  (14s 1 9 8 6 )   h a s   s u g g e s t e d   c o r r e c t i n g   d e f i c i e n c y   d i s e a s e s   i n  

l a r v a l   f i s h  by supplement ing   br ine   shr imp  wi th   a lgae  grown i n  n u t r i e n t  

en r i ched   med ia .   Su rv iva l   o f   p ro l a tvae   and   ea r ly   pos t l a rvae  may be  improved 

by o f f e r i n g  them a c o n b i n a t i o n  of b r i n e   s h r i m p   n a u p l i i   a n d   u n i c e l l u l a r  

a l g a e .   A d d i t i o n a l l y .   a l g a e   a r e   s m a l l e r   t h a n   n a u p l i i   a n d   n o t   m o b i l e   t h u s .  

more a v a i l a b l e   t h a n   n a u p l i i   a s  a food item t o  young  bass.  

N i t rogenous   was t e s .   pa r t i cu la r ly  ammonia, are h i g h l y  toxic  t o   s t r i p e d  

b a s s  larvae (S t i ckney   1986) .   A l though   wa te r   r ec i r cu la t ion   sys t ems   fo r  

c u l t u r i n g   s t r i p e d   b a s s   h a v e   b e e n   u s e d   s u c c e s s f u l l y ,   o u r   e x p e r i e n c e  
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i n d i c a t e s   t h a t   t h e   s y s t e m s   a r e   d i f f i c u l t   t o   m a i n t a i n  and a r e   e a s i l y  

d i . s r u p t e d   r e s u l t i n g   i n   t o x i c   c o n c e n t r a t i o n s  of n i t rogenous   was t e s .  Flow 

through o r  p a r t i a l   r e c i r c u l a t i n g  systems a r e  much e a s i e r   t o   o p e r a t e  and 

keep   n i t rogenous   was t e s   be low  tox ic   l eve l s .  

L a r v a l   s t r i p e d   b a s s   c o n t r o l   g r o u p s  had b e t t e r   s u r v i v a l  i n  c i r c u l a r  

c l e a r   g l a s s   t e s t   c h a m b e r s  w i t h  deep (L15 cm) water  columns  under 

we l l - l i gh ted   cond i t ions .  L i g h t  nay   have   improved   the   food   ca tch ing   ab i l i ty  

o f  t h e   s t r i p e d   b a s s .  A sma l l   wa te r   cu r ren t   p rov ided  by weak a e r a t i o n  

he lped   keep   the   p ro la rvae   suspended .   Tes t   chambers   wi th   ne t t ing   should   be  

avo ided   because   l a rva l  s t r i p e d  b a s s   o f t e n  become i n p i n g e d   i n   t h e   n e t t i n g .  

Acute   Toxic i ty  of  Rice   Herb ic ides  

The 96-h and  144-h cont inuous  f low LC50 v a l u e s   i n d i c a t e d   t h a t   t h e  

s e n s i t i v i t y   o f  s t r i p e d  b a s s  t o   t h e   r i c e   h e r b i c i d e s   d e c r e a s e d   w i t h   i n c r e a s e d  

age.  The LC50 va lues   o f   mol ina te  and mol ina te - th iobencarb   mix tures  for 

l a r v a e  24-days o ld   and   younger   were   genera l ly   lower   than   those   for   l a rvae  

and j u v e n i l e s  28-days old  and  older .  The LC50 v a l u e s  of t h i o b e n c a r b   f o r  

l a r v a e  6-days o l d  were   lower   than   Fhose   for   l a rvae   and   juveni les  13-days 

o l d  and o l d e r .  The 96-h LC50 v a l u e s  of mol ina te  and t h i o b e n c a r b   f o r  90-day 

o ld   bas s   ag ree  w i t h  t h o s e   f o r   y e a r l i n g   s t r i p e d   b a s s  of 8.1 t o  12 mg/L 

molinate  and 0.76 mg/L th iobenca rb   r epor t ed  by Fin layson   and   Faggel la  

(1986) .  

The herb ic ide   mix tures   p roduced  AI r a n g e s   i n d i c a t i n g   a d d i t i v e  

t o x i c i t y  o f  mo l ina t e  and t h i o b e n c a r b   t o   l a r v a l  and j u v e n i l e   s t r i p e d   b a s s .  

T h e s e   d a t a   i n d i c a t e   t h a t   b o t h   h e r b i c i d e s   w e r e   t w i c e   a s   t o x i c  when p r e s e n t  
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Y 

t o g e t h e r  a t  1:1 LC50 v a l u e   r a t i o s   t h a n  t h e y  were   ind iv idua l ly .   F in layson  

and F a g g e l l a   ( 1 9 8 6 )   r e p o r t e d   a d d i t i v e   t o x i c i t y  from molinate- thiobencarb 

mix tu res   t o   j uven i l e   channe l   ca t f i sh .   ch inook  salmon, and   s t ee lhead   t rou t .  

Su rv iva l  was a s   s e n s i t i v e   a s   g r o w t h   a s  an i n d i c a t o r   o f   t o x i c   e f f e c t s  

on s t r i p e d   b a s s   l a r v a e   f r o m   m o l i n a t e  and thiobencarb.   Wolter ing  (1984)  

a l s o   f o u n d   s u r v i v a l   t o  b e  a s   s e n s i t i v e  an i n d i c a t o r  of t o x i c   e f f e c t s  i n  

ch ron ic   and   ea r ly - l i f e -h i s to ry - s t age   t ox ic i ty  tests w i t h  a v a r i e t y   o f  

t o x i c a n t s  and f i s h   s p e c i e s .  

Hazard  Assessment of Rice   Herb ic ides   to   S t r iped   Bass  and  Opossum Shrimp 

The hazard  assessment   procedure  compares   es t imated  or   measured 

e n v i r o n m e n t a l   c o n c e n t r a t i o n s   w i t h . t o x i c   a d v e r s e   e f f e c t s   l i k e l y   t o   r e s u l t  

from those  exposures .   Three  possible   measurements  of r i s k  are p o s s i b l e  

from  an assessment:  i) n i n i m a l   h a z a r d ;   i i )   p o t e n t i a l l y   e x c e s s i v e   h a z a r d ;  

and iii) unce r t a in   haza rd .   R i sk   shou ld   no t   be   con fused   w i th   s a fe ty   wh ich  

i s  a v a l u e   j u d g e m e n t ,   l a r g e l y   s o c i a l  i n  o r i g i n .  on t h e   p e r c e i v e d  

a c c e p t a b i l i t y  of t h e   r i s k .  

The Standard  Guide  (E1023-84)   for   assessing  the  hazard of m a t e r i a l s  

to a q u a t i c  l i f e  u s e d  h e r e  was developed by the   Amer ican   Soc ie ty   for   Tes t ing  

and   Mater ia l s  (ASTM 1984).  Our assessment e v a l u a t e s   t h e   t o x i c o l o g i c a l  

hazard t o  s t r i p e d  bass and  opossum  shrimp  Neomysis  mercedis  resulting  from 

exposure   t o   r i ce   he rb ic ides   i n   t he   Sac ramen to   R ive r   and   downs t r eam  e s tua ry .  

Opossum sh r imp   a re  a primary  food item of  young bass   in   the   Sacramento-San  

Joaquin   Del ta  (Orsi and  Knutson  1979). I t  is based on the   measured  and 

e s t i n a t e d   a c u t e  and ch ron ic   t ox ic i ty   o f   mo l ina t e - th iobenca rb  mixtures t o  
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young s t r i p e d   b a s s  and  opossum  shrimp  and  the  measured  and  expected 

env i ronmen ta l   concen t r a t ions  o f  t h e   h e r b i c i d e s .  

The procedure i s  based on r easonab le   wors t - case   ana lyses   t ha t   a r e  

c o n s i s t e n t  w i t h  s c i e n t i f i c   v a l i d i t y .   J u d g e m e n t s  i n  t h e  measurements of 

r i s k   a r e   d o n e   u s i n g   s a f e t y   f a c t o r s .  t h e  quo t i en t   o f  a t o x i c o l o g i c a l l y  

s i g n i f i c a n t   c o n c e n t r a t i o n   d i v i d e d  by  an   appropr ia te   envi ronmenta l  

c o n c e n t r a t i o n .  If t h e s e   s a f e t y   f a c t o r s   a r e   l a r g e   t h e n  t h e  r i s k  i s  judged 

minimal.  and i f  t h e   f a c t o r s   a p p r o a c h   o r   a r e   l e s s   t h a n   o n e   t h e n   t h e   r i s k  is 

judded  unacceptable .  If t he   r i sk   canno t   be   j udged   min ima l  O K  unaccep tab le  

then  it is j u d g e d   u n c e r t a i n ,   r e q u i r i n g   a d d i t i o n a l   i n f o r m a t i o n .  The v a l u e  

of t h e  s a f e t y   f a c t o r   f o r   m i n i m a l   r i s k  will v a r y   w i t h   t h e   q u a n t i t y .   q u a l i t y ,  

and k ind  o f  da t a   ava i l ab le   conce rn ing   t he   env i ronmen ta l   concen t r a t ions   and  

t o x i c   e f f e c t s ,   a n d  t h e  degree  o f  conf idence  i n  t h e   v a l i d i t y  of any 

a s suup t ions  and e x t r a p o l a t i o n s   t h a t   w e r e   u s e d .  

Environmental   Concentrat ions - Extens ive   and   accura te   da ta  are 

a v a i l a b l e  on t h e  measured   envi ronmenta l   concent ra t ions  of r ice  h e r b i c i d e s  

i n  the  Sacramento  River  and  Sacramento-San  Joaquin  Delta.  The CDFG has  

been  monitor ing  molinate  and t h i o b e n c a r b   c o n c e n t r a t i o n s   i n   t h e   S a c r a m e n t o  

R ive r   s ince  1982  (Finlayson  and Lew 1983a;  1983b; 1984; 1985; 1986). and 

the   Regional  Water Qual i ty   Control   Board-Central   Val ley  Region  has   been 

L o n i t o r i n g   r i c e   h e r b i c i d e   c o n c e n t r a t i o n s  i n  the  Sacramento-San  Joaquin 

D e l t a   s i n c e  1983  (unpublished  data).   Expected  worst-case  environmental  

c o n c e n t r a t i o n s  of r i c e   h e r b i c i d e s   w e r e   e s t i m a t e d   f r o m   t h e   S t a t e  Water 
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~ ~ s ~ ~ ~ c e s  Cont ro l   Board   d i lu t ion   f low model f o r   r i c e   h e r b i c i d e  

c o n c e n t r a t i o n s  i n  the  Sacramento  River   (Cornacchia  e t  a l .   1 9 8 4 ) .  

R e s t r i c t i o n s  on t he   u se   o f   t hese   he rb ic ides   i n f luence   env i ronmen ta l  

c o n c e n t r a t i o n s  i n  t h e   a g r i c u l t u r a l   d r a i n s  and u l t ima te ly ,   t he   Sac ramen to  

River.  The Department  of Food and Agricul ture   began  mandatory  use 

r e s t r i c t i o n s   d u r i n g   t h e  1984 r ice   season   which   have   s ince  been modified 

yea r ly   (Ca l i fo rn ia   Depa r tmen t  of Food and A g r i c u l t u r e  MS 1984; 1985). 

Rather  than  conduct  individual  assessments  for  years  1984.  1985. and  1986, 

we chose 1985 a s   t h e   w o r s t - c a s e   ( h i g h e s t   l e v e l s   o f   h e r b i c i d e s )   y e a r   f o r  

measured r i c e   h e r b i c i d e   c o n c e n t r a t i o n s  i n  the  Sacramento  River   (Finlayson 

and Lew 1985: Regional   Water   Qual i ty   Control   Board-Central   Val ley  Region 

1985. unpub l i shed   da t a ) .  Two wors t -case   hypothe t ica l   envi ronmenta l  

concen t r a t ion   s cena r ios   were   a l so   a s ses sed :  i) minimum c o m p l i a n c e   w i t h   t h e  

Department of H e a l t h   S e r v i c e s   a c t i o n   l e v e l s   ( 2 0  ug/L rnolinate  and 1 ug/L 

thiobencarb)   for   Sacramento  River   dr inking  water ;  and ii) minimum 

compliance w i t h  t h e  DFG gu ide l ines   (90  ug/L molinate  and  24 ug/L 

th iobenca rb )  for p r o t e c t i o n  of a q u a t i c   l i f e   i n   a g r i c u l t u r a l   d r a i n s   s n d  

expected  minimal   di lut ion  (24%) i n  t h e  Sacramento  River  below  Sacramento 

us ing  the State  Water  Resources  Control  Board model (Cornacchia  e t  81. 

1984).  Both maximum and  es t imated  dai ly   weighted mean (one-half maximum) 

c o n c e n t r a t i o n s  were used   i n   t he   a s ses smen t s   (Tab le  15) .  

T o x i c o l o g i c a l l y   S i g n i f i c a n t   C o n c e n t r a t i o n s  - A review  of   acutely 

l e c h a l   l e v e l s   f o r   s t r i p e d   b a s s   ( T a b l e s  13 and   14 )   i nd ica t ed   t ha t  13-day o l d  

p o s t l a r v a e   w e r e   t h e   n o s t   s e n s i t i v e  and  90-day o l d   j u v e n i l e s  were t h e  l e a s t  
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Table 15. Measured and estimated  worst-case  concentrations  (ug/L) of  molinate  and 
thiobencarb  in  sacramento  River  and  Sacramento-San  Joaquin  Delta. 

Location and scenario  Molinate  Thiobencarb 

I. Sacrament0,River @ Sacramento 

A. Measured  concentration  (1985 data)- a,b/ 

1. Maximum 

2. Average 

B. Estimated  concentration  (DHS  action levels)- C/ 

1. Maximum 

2. Average 
C. Estimated  concentration (DFG  guidelines)- dl 

1. Maximum 
2 .  Average 

11. Sacramento-San  Joaquin  Delta @ Rio  Vista 
A. Measured  concentration  (1985 data)- e/ 

1. Maximum 
2. Average 

16 4.1 
8.0 2.0 

20 1 .o 
10 0.5 

22 5.8 
11 2.9 

10 2.3 
5.0 1.2 

Concentrations of molinate f.>1 ug/L) 
River  at  Sacramento;  average molinate 
for  38-day  period. 

in 1985  lasted  for 38 days in Sacramento 
concentration is weighted  numeric  mean 

Concentrations of thiobencarb ( > 0 . 5  ug/L) in 1985  lasted  for  26  days in 
Sacramento  River at Sacramento;  average  thiobencarb  concentration is weighted 
numeric  mean for 26-day  period. 

Maximum  concentrations  represent  minimum  compliance with DHS action  levels  and 
average  concentrations  estimated  as  weighted  numeric  means  for  38-day  and  26-day 
exposure  periods  for  molinate  and  thiobencarb,  respectively. 

Maximum  concentrations  represent  minimal  compliance with DFG guidelines in all 
agricultural  drains  and  worst-case  dilution (24%) in Sacramento  River;  average 
concentrations  estimated  as  weighted  numeric  means  for  38-day  and  26-day  exposure 
periods  for  molinate  and  thiobencarb,  respectively. 

Maximum  concentrations  from  Regional  Water  Quality  Control  Board - Central  Valley 
Region  1985 data; average  concentrations  estimated  as  weighted  numeric  means  for 
38-day.and  26-day  exposure  periods  for  molinate  and  thiobencarb,  respectively. 

- 
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s e n s i t i v e   t o   m o l i n a t e ,   t h i o b e n c a r b .   a n d   m o l i n a t e - t h i o b e n c a r b  mixtures. 

S e n s i t i v i t i e s   t o   m o l i n a t e - t h i o b e n c a r b   n i x t u r e s   w e r e   u s e d   i n   t h e   h a z a r d  

assessment   because   o f   the   addi t ive   tox ic   e f fec ts   f rom  the   two  herb ic ides  on 

l a r v a l   s t r i p e d   b a s s   ( F i g u r e   9 )  and  young  chinook  salmon  (Table  16; 

F in layson  and Faggel la   1986) .  The 96-h L C 5 0  v a l u e s  fo r  13-day and  90-day 

o l d   s t r i p e d   b a s s   l i f e - h i s t o r y - s t a g e s  were used i n  e s t i m a t i n g   s a f e t y   f a c t o r s  

f o r   a c u t e l y   l e t h a l  levels (Table  17). The a c u t e  NOEC values f r o m   t h e   t e s t  

on 6-day o l d   p r o l a r v a e  were a l so   u sed   because   t hese   da t a  were more 

de f in i t i ve   t han   and   approx ima ted   t hose  f o r  13-day o ld   p ro l a rvae   (Tab le   14 ) .  

Chron ic   s t r i ped   bas s   eggs - to - f ry  NOEC v a l u e s   f o r   m o l i n a t e   a n d  

th iobenca rb  were est imated  f rom tests on 90-day o l d   j u v e n i l e   s t r i p e d   b a s s  

by d i v i d i n g   t h o s e  96-h L C 5 0  v a l u e s  by cor responding   acu te-chronic  ratios.  

The NOEC is  t h e  lower level o f   t h e  MATC (naximum a l l o w a b l e   t o x i c a n t  

concent ra t ion)   range   and  is a c o n s e r v a t i v e   e s t i m a t e  of an   unacceptab le  

ck.ronic l e v e l ;   t h e  u p p e r  l e v e l   o f  t h e  MATC i s  t h e  LOEC. The  acute-chronic 

r a t i o s   a r e   q u o t i e n t s  o f  t h e  j u v e n i l e  96-h L C 5 0  v a l u e s   d i v i d e d   b y   t h e  

chronic  eggs-to-fry NOEC values f o r   c h i n o o k  salmon exposed t o  molinate .  

th iobencarb .  and a molinate- thiobencarb  mixture   (Table  16). I t  appears  

that   chinook  salmon  (Table  161 are a s u i t a b l e  model f o r   p r e d i c t i n g   e f f e c t s  

of t h e   h e r b i c i d e s  on s t r i p e d   b a s s   ( T a b l e  17)  g i v e n   t h e   s i m i l a r i t y  of 96-h 

L C 5 0  va lues   o f   mol ina te   and   th iobencarb   a lone   and   no l ina te - th iobencarb  

z i x t u r e s   f o r   j u v e n i l e   f i s h .  

Acute (7 and  14-day t e s t s )  L C 5 0  values from tes t s  wi th   mol ina te   and  

r l i iobencarb  a lone  and a mol ina te - th iobencarb  mixture on  opossum  shrimp 
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(S ta te   Water   Resources   Cont ro l   Board   1985)   ind ica ted   s imple   addi t iv i ty  f o r  

t h e  two herb ic ides   (Table   18) .   Chronic  42-day t e s t s  on mol ina t e  and 

thiobencarb  a lone  produced NOEC va lues   fo r   g rowth  of  0.026  and  0.007 mg/L, 

r e s p e c t i v e l y .  A c h r o n i c  42-day test was conducted w i t h  a molinate-  

th iobencarb   mix ture  f o r  the  State   Water   Resources   Control   Board  (1985)  b u t  

t he   r e su l t s   were   i nva l id   because   o f   poor   su rv iva l   i n   t he   con t ro l   g roup  and 

bad l a b o r a t o r y   p r a c t i c e s .  However. we e s t ima ted   ch ron ic  MATC v a l u e s   f o r  

the   mol ina te - th iobencErb   mix ture   as   one-ha l f   o f   those   va lues   for   the  

i n d i v i d u a l   h e r b i c i d e s ,   a s s u m i n g   a d d i t i v i t y   i n   t h e  mixture  d u r i n g  t h e  42-day 

test .  A d d i t i v i t y  was demonstrated i n  t h e   c h r o n i c  90-day t e s t  on chinook 

salmon  (Table 1 7 )  and i n  t h e  7 and  14-day a c u t e   t e s t s  on opossum  shrimp. 

Hazard  Assessment - The a c u t e   s a f e t y   f a c t o r s   i n d i c a t e  no h a z a r d   t o   s t r i p e d  

bass   f rom a sho r t - t e rm  (4   t o  6 day)   exposure to t h e  combined r i c e  

h e r b i c i d e s ;   s a f e t y   f a c t o r s   r a n g e d   f r o m  36 to   1 ,580   fo r   mo l ina t e   and  16 t o  

1.040 fo r   t h iobenca rb   (Tab le   19 ) .  However, exposure   i n   t he   Sac ramen to  

River   and   downst ream  es tuary   l as t s   f rom 30 t o  40 days   and   co inc ides   wi th  

the   eggs - to - f ry   s t age   o f   s t r i ped   bas s .  The s a f e t y   f a c t o r s   ( T a b l e  19) 

i nd ica t e   min ima l   haza rd   t o   s t r i ped   bas s   eggs - to - f ry   because   t he   e s t ima ted  

ch ron ic  NOEC va lues   (Table  17 )  a r e   g r e a t e r   ( a t   l e a s t  2 f o l d )   t h a n  the 

worst-case maximum env i ronmen ta l   concen t r a t ions   (Tab le  15) .  For average  

h e r b i c i d e   c o n c e n t r a t i o n s ,   t h e   s a f e t y   f a c t o r s   u s i n g   e s t i m a t e d   c h r o n i c  NOEC 

values  ranged  from 13 t o   2 8   f o r   m o l i n a t e  and  from 3.9 t o  22 for 

th iobencarb .  I t  i s  a n t i c i p a t e d   t h a t   f u t u r e   h e r b i c i d e   u s e   r e s t r i c t i o n s  will 

r e s u l t  i n  compliance or b e t t e r  w i t h  t h e  DHS a c t i o n   l e v e l s   o f  20 ug/L 
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Table 18. Toxicologically  significant  concentrations (mg/L) of  molinate and 

tests. Data from State  Water  Resources  Control  Board (1985).  
thiobencarb on opossum  shrimp  Neomysis  mercedis in acute and  chronic 

LC50  Values LC50 Values 

7-day  14-day 
Solution  Molinate  Thiobencarb  Molinate  Thiobencarb 

Molinate  alone 2.5  0.82 

Thiobencarb  alone 0.21 

Molinate-Thiobencarb  2.1 
Mixture 

0.071 

MATC Values - a/ 

Solution  Molinate Thiobencarb 

Molinate  alone  0.026-0.045 

Thiobencarb  alone 0.006-0.013 

Molinate-Thiobencarb &’ 0.013-0.023  0.003-0.006 

42-day 

Mixture 

0.77 

0.091 

0.024 

5’ MATC  represented by NOEC-LOEC ran@?. 

NOEC and LOEC  values for mixture  estimated  as  one-half of values for 
herbicides alone. 
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molina te  and 1 u g h  t h iobenca rb  i n  the  Sacramento  River   a t   Sacramento;  

minimal  compliance  and  better will r e s u l t   i n   S a f e t y   f a c t o r s  of a t   l e a s t  7 

f o r  mol ina te  and 11 fo r   t h iobenca rb   du r ing  t h e  30 t o  40 days of exposure in 

May and June.  

The a c u t e   s a f e t y   f a c t o r s   i n d i c a t e  no hazard  to  opossum  shrimp  from a 

s h o r t   t e r m  ( 7  t o  14  d a y )   e x p o s u r e   t o   t h e  combined r i c e   h e r b i c i d e s ;   s a f e t y  

f ac to r s   r anged  from 38 t o  410 f o r   m o l i n a t e  and from  4.1 t o  142 f o r  

th iobencarb   (Table  20). However, exposure  in   the  Sacramento  River   and 

downs t r eam  e s tua ry   l a s t s  f r o m  30 t o  40 days.  The s a f e t y   f a c t o r s   ( T a b l e  20) 

i n d i c a t e   p o t e n t i a l l y   e x c e s s i v e   h a z a r d   t o  opossum  shrimp  because  estimated 

ch ron ic  NOEC va lues   (Table  18) a r e  0.6 times t h e  worst-case maximum 

env i ronmen ta l   concen t r a t ions   (Tab le  15). Safe ty   fac tors   ranged   f rom 0.6 t o  

1.3 f o r   m o l i n a t e  and from 0.5 t o  3.0 fo r   t h iobenca rb .   Fo r   ave rage  

h e r b i c i d e   c o n c e n t r a t i o n s .   t h e   s a f e t y   f a c t o r s   u s i n g   e s t i m a t e d   c h r o n i c  NOEC 

values   ranged  f rom  1.2  to   2 .6   for   molinate  and  from 1.0 t o  6.0 f o r  

th iobencarb .   Compl iance   wi th   the  DHS a c t i o n   l e v e l   f o r   t h i o b e n c a r b  w i l l  

r e s u l t  i n  a c c e p t a b l e   e n v i r o n m e n t a l   c o n c e n t r a t i o n s .   b u t   t h e  DHS a c t i o n   l e v e l  

f o r  mol ina te  w i l l  n o t   p r o t e c t   a g a i n s t   t o x i c   c o n d i t i o n s   f o r   t h e   o p o s s u m  

shr imp.   L ikewise .   compl iance   wi th   the   p resent  DFG g u i d e l i n e s  (90 ug/L 

molinate   and 24 ug/L t h i o b e n c a r b )   f o r   a g r i c u l t u r a l   d r a i n 6  w i l l  n o t  p r o t e c t  

t h e  opossum sh r imp  unde r   min ima l   d i lu t ion  (24% of t o t a l   f l o w )   c o n d i t i o n s  

below  Sacramento.  Lowering t h e  DFG g u i d e l i n e s   t o  54 ug/L  molinate  and 12 

ug/L th iobencarb  will r e s u l t  i n  a mean s a f e t y   f a c t o r  of 1.0 below 
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Sacramento  and  should  protect t h e  opossum  shrimp  during  worst-case  dilution 

years .  

I t  would be   des i rab le   in   the   hazard   assessment   to   have   empir ica l  

information on t h e   c h r o n i c   e f f e c t s  of  molinate and Ehiobencarb on s t r i p e d  

bass  eggs-to-fry and  opossum shr imp to   conf i rm  the   es t imated   acu te-chronic  

r a t i o s  and s a f e t y   f a c t o r s .  The present   assessment   indicates   minimal  

t ox ico log ica l   haza rd   t o  young s t r i p e d   b a s s  from  exposure t o   r i c e   h e r b i c i d e s  

i n  the  Sacramento  River  and  Sacramento-San  Joaquin Delta. We p r e s e n t l y  

have no v i a b l e  method fo r   t e s t ing   s t r iped   bas s   <&days   o ld .   The re  is no 

reason t o   b e l i e v e   t h a t   s t r i p e d   b a s s  have a d i f f e r e n t   a c u t e - c h r o n i c   r a t i o   t o  

rice  herbicides  than  chinook  salmon.  Cornacchia et  a l .  (1984) lists an 

acute-chronic   ra t io   for   channel   ca t f i sh   Ic ta lurus   puncta tus   exposed  t o  

mol ina te   a lone   a t  36  and f o r  mysid  shrimp  Mysidopsis bahia exposed Eo 

th iobencarb   a lone   a t  17. Our acute-chronic   ra t ios   for   chinook  salmon 

exposed t o  t h e  herbicides   a lone  (Table  16) approximate   these   va lues  for 

t h e s e   s p e c i e s   s u g g e s t i n g   t h a t  our acute-chronic   ra t ios  for the  h e r b i c i d e  

mixture   are   reasonable .  

The p r e s e n t   a s s e s s m e n t   i n d i c a t e s   p o t e n t i a l l y   e x c e s s i v e   h a z a r d   t o  

opossum  shrimp  from  exposure t o  r ice  h e r b i c i d e s  i n  the  Sacramento River and 

Sacramento-San Joaquin Delta dur ing   wors t -case   d i lu t ion   years .  The 

po ten t i a l ly   excess ive   haza rd  t o  opossum  shrimp  can  be  corrected by lowering 

t h e  DFC g u i d e l i n e s  for h e r b i c i d e   c o n c e n t r a t i o n s   i n   a g r i c u l t u r a l   d r a i n s  t o  

54 ug/L molinate  and 12 ug/L thiobencarb  which w i l l  r e s u l t   i n  a mean 
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c h r o n i c   s a f e t y   f a c t o r   o f  1 below  Sacramento.   Because  nolinate and 

th iobknca rb   a r e .   add i t ive .   t he   gu ide l ines   fo r   mo l ina t e   r ange   f ron  0 t o  90 

ug/L and those   fo r   t h iobenca rb   r ange  from 0 to 24 ug/L  (Table 2 1 ) .  

The wors t - case   s a fe ty   f ac to r s   u sed   he re   a r e   r ea sonab le   and  

c o n s e r v a t i v e   f o r   p r o t e c t i o n  of s t r i p e d   b a s s  and  opossum shrimp  and  allow 

f o r  a margin  of  error.   This  margin of e r r o r  i s  c r e a t e d  by t h e   e s t i m a t i o n s  

and a s sumpt ions   i nhe ren t   t o  t h i s  hazard  assessment .  The s a f e t y   f a c t o r s   u s e  

ch ron ic  NOEC v a l u e s   r a t h e r   t h a n   c h r o n i c  LOEC v a l u e s  and s u b l e t h a l   e f f e c t s  

a r e   e x p e c t e d   t o   o c c u r   a t   c o n c e n t r a t i o n s  somewhere  between t h e  NOEC and LOEC 

va l , J e s .  The s a f e t y   f a c t o r s   u s e  maximum c o n c e n t r a t i o n s   r a t h e r   t h a n   a v e r a g e  

(one-half maximum) c o n c e n t r a t i o n s   a l t h o u g h   t h e   l a t t e r   t y p i c a l l y   c o n t r o l s  

t h e   d e g r e e   o f   s u b l e t h a l   e f f e c t s   d u r i n g   c h r o n i c   e x p o s u r e .   F i n a l l y ,   n e i t h e r  

organism would be expec ted   to   be   exposed   to   the   wors t -case   envi ronmenta l  

c o n c e n t r a t i o n s   o f   t h e   h e r b i c i d e s   f o r  more than  a  few days   because  of 

a d d i t i o n a l   d i l u t i o n  i n  the   Sacramento-San   Joaquin   Del ta   c rea ted   by  Sen 

Joaquin  River   f lows and  San F ranc i sco  Bay t i d a l   a c t i o n .   T h i s   a d d i t i o n a l  

d i l u t i o n  i s  seen  i n  the   measured   concent ra t ions   a t   Sacramento   and   Rio  Vista 

i n  1985  (Table 15) and t h e   s a f e t y   f a c t o r s   c a l c u l a t e d   f o r   t h e  two l o c a t i o n s  

(Tables  19 and 2 0 ) .  The minimal 4 fo ld   conse rva t ive   marg in  of e r r o r  is 

needed.  however,   because  not a l l   a q u a t i c   s p e c i e s   h a v e   b e e n   t e s t e d   u n d e r  a l l  

c o n d i t i o n s .  
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Table 21. Maximum  Concentrations (ug/L) of molinate and thiobencarb in 
agricultural  drain  water  needed  for  protection of striped  bass and 
opossum  shrimp  in  the  Sacramento  River  and  Sacramento-San  Joaquin 
Delta. Calculations  assume  simple  additivity of molinate and 
thiobencarb and minimal  dilution  from  Sacramento  River. 

Molinate  Thiobencarb 

90 0 

80 3 

70 7 

60 10 

54 12 

50 13 

40 15 

30 17 

20 20 

10 22 

0 24 
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Appendix A. Schedule of uncompleted acute and chronic  tests with molinate, 
thiobencarb, and molinate-thiobencarb  mixtures in 1984 through 
1986. 

Test  Begin  Age 
series  date  (developmental  stage)  Herbicide Comments 

1984-1 5-1-84  12-h prehatch  Molinate 
(embryonic)  Thiobencarb 

Molinate- 
Thiobencarb 
Mixture 

100% mortality in 
all  treatments 

1984-2  5-4-84 

1984-3  5-5-84 

1984-4 5-11-84 

1984-6 5-18-84 

1984-8 6-0-84 

1985-1  4-21-85 

1985-2  5-9-85 

6-h  prehatch 
(embryonic) 

(prolarvae) 
4-day 

13-h prehatch 
(embryonic) 

(prolarvan) 
1-day 

(uost1arva.e) 
28-day 

12-h prehatch 
(embryonic) 

12-h prehatch 
(embryonic) 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

100% mortality  in 
all  treatments 

100% mortality in 
all treatments 

100% mortality in 
all  treatments 

20% mortality in 
controls 

20% mortality in 
controls 

50% mortality in 
controls 

50% mortality in 
controls 
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Appendix A. (Continued) 

series date  (developmental  stage)  Herbicide  Comments 
Test  Begin Age 

1985-3 

1985-5 

1986- 1 

1986-1 

~ 1986-3 

1986-4 

5-10-85 

5-31-85 

5-10-86 

5-15-86 

6-12-86 

6-14-86 

1986-6 8-6-86 

1986-7  8-12-86 

12-h prehatch 
(embryonic) 

6-day 
[prolarvae) 

12-h prehatch 
(ernbryonlc) 

12-h prehatch 
(embryonic) 

11-day 
(postlarvae) 

13-day 
(postlarvae) 

(juvenile) 
90-day 

(juvenile) 
90-day 

Molinate 
Thlobencarb 
Molinate- 
Thiobencarb 
Mixture 

Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thlobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Mo1.inaL.e- 
Thiobencarb 
Mixture 

Molinate 
Thiobencarb 
Molinate- 

Mixture 
Thiobencarb 

Molinate 
Thiobencarb 
Molinate- 
Thiobencarb 
Mixture 

50%  mortality  in 
controls 

75%  mortality in 
highest  treatment 

50%  mortality in 
controls 

50% mortality in 
controls 

75% mortality in 
controls 

75%  mortality in 
controls 

0% mortality in 
all  treatments 

25%  mortality in 
controls 
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Appendix B 

S tandard   Agreement  C-1518 
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TING 
STFi IPEP BASS 

QCUTE TOXICITY 

t-lethods 

C’etai1.s o f  t h e   m e t h c u   w e r e   s t i u u l a t c d  ty CFR!G. I n  sirmmar-’!. 
f i s h   w e r e  r-ear-ed a n d   t e s t e d   i n   r e c o n s t i t u t s d  sea  w a t e r ’  mads 
LIP wit;V, d l . s t i l l e d - d e i . n n i : e d  tam waiev +,.or: t h ~  EFA 
labo r -a tn ry  and  sea s a l t s   p r - o v i d e d   b y  C F M .  B r ine   sh r - imp  
i<:,r-1:ernl~.i c : ~ ~ t a  w e r v  S L I D P ~ ~ &  b y  C F W  ;nd r e a r e d  i n  1 0  
enthnusa.nd sesw.ster’.  Eggs  ana pr -o ievvae wet-e neid 
n a m l n a l l y  3.t 17 C and 4 p p t   r - e c o n s t l t u t e d   s e a w a t e r .  Fish 
wrr’e f e d   A r - t e m l a   n a u o l i i  a t  abou t  ‘ ? l : I . l X : h : o  per’ f e e d i n g .  
AFp t -o : : i ~m~te i v  1 0  per-cent o f  t h e  325 l i t e r ‘   r - e c i r * c u i a t l n q  
ce.3w;,ter* vciLlme was r ’eolaced  Each d a y .  

u p  a t   t h e  Eugene, Or-egon a i r - p o r t   s h o r - t l y   a f t e r   m i d n i g h t   o n  
The s t r i p e d  bass eggs wer-e pr ’ovlded  by C F & G  and were p i c k e d  

Newpor-t,   at-r- lving at t he   l abo r -a to r - y  at 0300 hrs. The 
Play 24, 1986. The  package was i m m e d i a t e l y   t r a n s p o r t e d  t o  

hr-s the eggs wer-e p l a c e d   i n t o  a McDona ld   ha tch ing  Jar a t  a 
temper-atur-e of the  egg  t t-anspor.t   water’  was 21 C. A t  0714 

t,smpPt-atur-e o f  1.7 C. The w a t e r  flow thr-ou?h the ha tch in :  

f i o w   p r o v i d i n g  a c i r - c u l a t -   f i o w  o f  water- i n  t h e   r - e a r i n g   t a n k  
jar- was 525 r, l/mIn w i t h  the  r -emain ing 1175 ml:min o f  water’ 

i n   w h i c h   t h e   h a t c h t n g  J a r  was p l a c e d .  
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K e s u l t s .  

of  t h e   t o x i c i t y  test w i t h   t n l o b e n c a r b ,   t h e   t e m p e f - a t L . I f - e  
Retween t h e   r e c e i p t  of t h e  s t t - ] p e d   b a s s  eggs a n d   t h e  s t a t - t  

e::tt*eme v a l u e s  o f  3.5 a n d  4.7 p P t   ( T a b l e  1 , .  
r a n g e d   b e t w e e n  16.2 a n d  i9 .0  C: s a 1 i n l L y   v a t - 1 e A   b e t w e e n  

M n r * t a l . i t y   i n   t h e   t h i o b e n c a t * b   t o : : i c l t y  t e s t  s n o w e d  An 
r b v i o ~ ! s  d0z.r  t -e la te l  p r - o g r , z . s s l n r ~  , a t  t h e  twa h ’ 1 q h e 5 t  
c o n c e n t - r a t ; i u n e  o f  0.67 a n d  1. ?!I; m q / t .  \ T a , b l c  Z ! .  
C o n s i d e r a b l e  intet-mediate m u : - t a l l t y  was s e e n  a t  0.21  a n d  

st. ;j. 12 m g i L  end I f 1  t . h e  o the r  c u n t r o l  ,is!*. 
(:).:e mg/L a n d   i n   o n e  contt‘ol Jar-. Minut- m o r t a l i t y  wan 5 e a n  

g i v e n   i n   T a b l e  2 .  Not-mal l a rvae  p r e d o m l n a 2 e d   i n   c o n t r n l s  
T h e   9 6 - h r -   o b s o r v a t ; i u n s  + o r -  c o n d i   t 1 c n  of t h e  lar’iae af’c 

a n d   t h e  tVJo  lowest c a n c r n t r a t i i n s  ( C J .  12 a n d  l:1.21 m e / L ) .  
Most s u r - v t s i n g  larvae  a t  I:!..ZE m c / L  w e v r  w e a l   a n d  those a t  
1.!.87 wet-e immob1.1e. Tt,e SL-ht- LC51 eppea l ‘ ed  to b e   b c t w s c - n  
0 .  76 a n d  0.67 n ~ e / L .  

N G  e + t € c t s  r,f t h l o b e n c a r o  wEt-E seer, on t h e   f i . n a l   l e n o t h s  o f  
t h e  l a r v a e  f t m m  t h e  9 s - n ~  t o : : l c l t y  test .  T h e   i r n g t h r  
a p p e l r  t o  b e  less t h a n  t h o s e  +or* l a r v a e  + r o n  tests 
c c m 3 u c t e a  h v  CF.!!? i n  p r e v l o c ; s  y z a t . 5 .   R e p u r t s d   i n  a+-t~strat*y 
scalled L J ~ I . ~ S .  the c o n v e r c i a n  ta m 1 1  li.mte!-s i f ic lcs tea  t h s t  
a l l  t r e s t n e n t a  had  f i s h  w i t h  a m s a n   L e n g t h   b e t w e e n  4.54 a n d  
5.18 mln ( T s h l ~  Z ) .  I n d t ~ ~ d u a i  l e n u t h s  t - ancao  it-am 4.75 t o  
5.5s m m .  

Ccver’.31. we6l.s f o i l o w i n q  t h a  t e t * T i n a t l o n  o i  the t e s t .  
a n ~ l y t t c a l   t - e s u l t s  from CFLG i n d i c s t e d  t h a t  t h e  t n i c e a n c a r b  
c o n c e n t v a t r n n e  wet’e  aucut .ZG p e t - c e r l t   g r e s t e r  t n i i t  n c m l r , a i  
due t o  a F ; i m l l a t . l y   g r e a t e r .   c o n c e n t r * a . t i o n  i n  the s t o c l : .  

c m c e n t t - a t i n f i .  measL!t-ed c o n c e q c r s t l o n e  I n  the t e s t  ~ a t ‘ t  

SniLitlon. Eianed o n   t h e   a n a l y z s d  stozl:  r n l u t i o n  

were vet-y s t a t l e  o v e r  t h e  per-lad of t h e  test .  
a v e r - a g e d   a b o u t  I : I . C i ?  mg/L h i g h e r   t h a n   n o m l n a l   ( T a b l e  6) a n d  

D i s c u s s i o n .  

S u c c e s s   w i t h   t h e  f i r s t  gt-oup o f  s t r i p e d  bass q q s  i n d i c a t e d  
t h a . t   t h e   p r - u c e d u r - e s  used i n  c o l l e c t l u n ,   s h i p p i n g ,  and 
t ’ c c e i v l n g   u f  t h e  eggs w e t - e  a c c e p t a b i s .  A s u c s e q u e n t  
+ a i i u : - e   w i t h  a s e c o n d   g r o u p  o+ e g g s  was a p p a r e n t l y  caused’ 
by e combrnation o f  less v i a b l e   e g g s   a n d  a p r o b l e m  i n  
t r a n s i t  from S a c t * a n l e n t o  t a  E u 5 E n e   t h a t   l e d  t o  h 12 h r  d e l a y  
i n   t - e c e i p t   n f   t h e   e g g s  a t  E u g e n e .  



T h e   t o x i c i t y  test  r e s u l t s   p r o v i d e d   a n   a p p a r e n t  So-hr LC’IO 

eat-liet’ tests b y  CFP.,G. A c o m b i n a t i o n  of i a z t o v s ,  p r i m a r i l v  
t h e  17 C r e a r i n g   t e m p e r a t u r e ,  t * e s r r l t e d  i n   t h e   l a r w a e   b e i n g  
t e s t e d  a t  a r e l a t i v e l y  small s i z e  ( 5  m m )  a n d   b e f o r e  many 
l a t v a e  h a d   b e g u n   a c t i v e   f e e d i n ? .  I b e l i e v e  t h a t  a warmet- 
t e m p e r a t u r e   w o u l d   h a v e   t - e s u l t e d  i n  a more t y p i c a l l y  s i z e d  

b e i n g  r e p r e s e n t e d  I n  t h e  p o p u l a t i o n .  However-, t!iici ma:/ 
l a r v a e  a t  two weeks p o s t  h a t c h   a n d  more f e r d i n q  l a r v a e  

a l s o  h a v e   r ’ e s u l t e d   i n  a p o o r e r   s u r v i v a l   i n   t h e  stock p t * i o r  
to t h e  test, a s u r v i v a l   t h a t  w a s  p r o b a b l y   o n l y   a b o u t  5-10 
p e t - c e n t ;   u n d e r   t h e   e x i s t i n g   c o n d i t i i o n s .   U s i n g  m o w  
d e v e l o p e d   l a , r v a s   i n  t h e  test w s u l d  Pt-e=Llr,:7.bl~ k,avt? a1’toWeci 
a somewhat   be t te r -   con . t ; t~ol .   s i . t t -v i .va1 .  

Fast s u c c e s s   w i t h   r e a t - i n y   s t r i p e d  b a s s   l a w a e  
n o t w i t h c t a n d i n y ,  I h e l i . e \ . e   t h a t .  a smaller.  ?‘:,‘st fond wodi.c, 
p t , > n v i d e  a tie?tel.. a n d  mnr-r? n a t L t t . e i  p r - o v  t ~ r  rrt~-~pe:f ta:c.s 

a v a i l a b l e   e g u   n u m b e r - s  may p r e c l u d e   b r o e d e r  e : :per lmentat lon 
t . h a n   t h e   A r t e c i a  na.l.rp1 i . i  c ~ ~ t ’ t w n l . I y   p r e s c r i b e d .   A l t h o u s h  

d i e t   t h a t   i n c l u d E d  a smaller pvey  o r q i n l r m   ~ p r r ; l a p s  a 
a t  o u r   l a b o t - a t o r y ,  I w o u l d   1 i b : e  t o  t r y  t-eat-rnq larvae o n  a 

r o t i f e r )  i n  aadit1.c.m t o  Artrmia. 

S u c c e s s   i n   r e a r i n g   m a n y   o r g a n i s m s   h a s   b e e n   a c h i e v e d  w i t h  
i < . t - t i f i c i a l  media c o m p o s e d  o f  d e i o n i z e d  water  s n o  sea salts 
o r  a f i - t h e - s h e l f  chemica ls .  S u c n  medla  ~ t - o v l o e  a s t a n d a r d  
mz.tr-i:! for. % h e   c o n d u c t  o f  t o : . : i . c l t y  t ac t= .  a n d   t h l s   a l l o w s  
io,- b e t t e r .  cnnpnl-ison nf  r J a t a  b e t w e e n  tes t$ ,  b e t w e v n  
c f f l , c~en t s ,  a n d  b e t w e e n   1 a b o r a . t n t - l e s .  O + t m  t n l s  cI.lCCes5 i .E  
a c h i e v e d  i n  s p i t e  o f ,  r a t h e r  t n a n  b e c a u c c   a ? ,  t h e  
c h a r a c : t i s l , t , i c s  o f  t h e   m e d i u m .  Tt wnui,d b e  i n t e r e g t i n q  t o  
lnol.: s,t  t h e  r - e s r l n g  o f  s t t - l p e d  bass I n  B m r a i v m  b l e n d i n g  
n a t u r a l   s u t - f a c e   f r e s h w a t e r   a n d   n a t u r a l  rea.cv:.ter,  preCe!.ably 
i n  a m i n i m a l l ? .  a c c e p t a b l e   f l o w - t h r o u g n  modz. 

M e a s u r e m e n t  n i  d i s e o l v m d   o x y g e n ,  pH, and   ammoniz  WEI’T 

hampered   by  laci:: of  meters f o r  t h e s e  me~~eiirements c a u s e d   b y  
a d e l a y  in i i . in . j ing o f  t h e  EPA-Oregon S t e t e   U n l v e r s l t y  
c o o p e r a t i v e   a g r - e e m e n t  t o  w h i c h  t h e  ztt-13s‘d b a s s  ‘test was t o  
b e   a t t a , c h e d .   T h e   a g r e e m e n t  was f u n d e d  e + + e c t l v e  J u n e  e ,  

r o u n d   o f   s t r - i p e d   b a s s   t e s t i n g .  
1966, and  t h e  e q u i p m e n t  w i l l  be a v a i l a . t l e  i o ?  t h e   n e x t  

A s i g n i f i c a n t  lose o f  t h i o b e n c a r b  it-om r lmilsr  test 
s o l u t i o n s  i n  CFbG tests s u g g e s t e d  a a i f f e r e n c e   b e t w e e n   t h e  

CF%O. U i s c u s s i c n   w i t h  B r l a n  F i n l a y s c n   e l u c i a a t c d  a 
t - e s u l  ts f r o m   t . h e   p r e s e n t   s t u d y   a n d   t h o s e   c c n d u c t e d  by  

p r o b a b l e  cause f o t -   t h i s   d i s c r e p e n c y   b e t w e e n  t h e  two 
s t u d i e s .  Out- tests w e t w  c o n d u c t e d   i n   + r e s h l y   p r e p a v e d  4 
p e t  seawater., w h i l e   t h e  CF%G tests were comDosed i n  water 
fvom t h e  s t t - l p e d  bass  r e a r i n g   s y s t e m .   T h l s   s u g g e s t s   t h a t .  
b a c t e r i a l   d e c n m p o s i   t i o n  of t h e   t h i o b e n c a r b  was t h e  mode o+ 
d e t o x i c a t i o n  i n  t h e  CF&G tests. 

_. th~. t ._ .wa5_ i n - ~ t . . F ! a r o n . a b . l . r ~ ~ g ~ ~ R ~ - ~ ~ n . t i ; u C ~ ~ = t ~ ~ ~ - e ~ o h . ~ , ~ . i - n . ~ - d - - ~ ~ ~  - .  
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* A d j u s t e d  t o  Cot't-eCt tawat-ds 4 p D t  
** FtdJusted room temper-ature 
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L r n o t h *  
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Appendix C. Daily  mean  quality of water for the  static  acute  toxicity 
test. 

6-13-86 7.8 2.5 9.650.1 - a/ 17.5 
(9.5-9.6) 

6-14-86 -- 2.5 9.6tO.O 
(9.5-9.6) 

17.5t0.0 
(17.5-18.0) 

6-15-86 -- 2.5 9.0+0.1 
(8.9-9.2) (18.0-18.5) 

18.5tO.O 

6-16-86 -- 2.5 9. ItO. 1 
(9.0-9.3) 

18.5 

6-17-86 8.0 2.5 9.2:O.l 17.5 
(9.1-9.3) 

5' Mean : S.E. with  range in parentheses. 
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